M yocarditis is an acute inflammatory disease of the heart and a precursor of dilated cardiomyopathy. [1] [2] [3] [4] [5] [6] [7] [8] Myocarditis is often characterized by a cellular infiltrate, and if inflammation of the myocardium does not resolve during the acute stage, the heart may be compromised because of necrosis and direct loss of myocytes, 9 injury from granulomatous inflammation, 10, 11 or fibrosis attributable to proliferation of fibroblasts and collagen deposition. 12, 13 Once the myocardium becomes fibrotic, there may be loss of function. In this issue of Circulation Research, Kania et al describe a novel system to study fibrosis in myocarditis and the origins of the fibrosis in a mouse model. 14 Mice expressing enhanced green fluorescent protein (EGFP) ϩ were used as donors of prominin 1 ϩ cells, which may directly lead to fibrosis during the development of the chronic disease state in myocarditis and cardiomyopathy. Prominin 1 ϩ cells are precursors of fibroblasts in the bone marrow and, once injected into hearts, were shown to develop into fibroblasts and produce collagen in the presence of transforming growth factor (TGF)-␤. Fibrosis could be blocked with anti-TGF-␤ treatment. 14 These studies are directly applicable to human disease. TGF-␤ is a potential turning point, where therapy may prevent the chronic and destructive progression to irreversible end-stage dilated cardiomyopathy with lowered ejection fraction and loss of function in the heart.
Dilated cardiomyopathy is a more chronic disease that is characterized by ventricular hypertrophy and which may be a direct result of myocarditis leading to heart failure. [1] [2] [3] 15 The heterogeneous nature of myocarditis in humans makes diagnosis and treatment decisions difficult. 16 It is well established that cardiac myosin is an autoantigen in autoimmune myocarditis. 1, 17 In support of this hypothesis, patients with myocarditis and dilated cardiomyopathy have elevated antibodies against cardiac myosin 1 and immunosuppressive or immunoabsorption therapy can improve heart function in myocarditis or dilated cardiomyopathy patients. 18 -20 However, to prevent fibrotic changes in the heart, the study by Kania et al describes how anti-TGF-␤ may lead to prevention of the fibrosis. 14 Anti-TGF-␤ most likely affected the prominin 1 ϩ cells and prevented them from being transformed into fibro-blasts by TGF-␤, which can produce fibrosis in the heart. Control of the fibrosis could be a turning point in preventing loss of function and end-stage heart disease.
Although Kania et al induce myocarditis with a cardiac myosin peptide, 14 various agents cause myocarditis in humans, including bacteria, chlamydia, viruses, protozoa, and chemicals. 2, 8, 21, 22 However, a significant proportion of disease in the Western world is attributable to viral etiology, with enteroviruses being implicated. 8, 23, 24 Coxsackieviruses are frequently reported to be the infectious agent leading to acute myocarditis. 8, 25, 26 In viral myocarditis, the disease occurs in either acute or chronic forms and may result in progressive weakening of the heart muscle leading to dilated cardiomyopathy. 27 Little is known about why most patients with acute myocarditis resolve, whereas approximately onethird progress to either chronic myocarditis or dilated cardiomyopathy. Myocarditis becomes autoimmune and inflammatory in part because host immune responses are activated by viral infections and then directed against heart tissue epitopes ( Figure) . Adaptive immunity, including T cells and antibodies against both viral and myocardial proteins, could play an important role in myocardial damage. Cardiomyocytes release cardiac myosin during lytic viral infections, and the host recognizes cardiac myosin as a foreign antigen and responds by an adaptive immune response against the heart. 28, 29 A recent review by Cooper states that most people who develop acute dilated cardiomyopathy have relatively mild disease that resolves with few sequelae. 30 Cooper points out that the duration of illness over more than several months to years of illness may lead to increased risk of loss of cardiac function. Complications may be a direct result of irreversible fibrosis after longer periods of inflammation when end-stage disease may be more likely to develop. Chronic inflammation potentially may result from release of cardiac myosin and its exposure to and recognition by the innate immune system 31 either directly or in immune complexes. It is well known that adaptive immunity against cardiac myosin leads to autoimmunity in myocarditis and cardiomyopathy. 32 The importance of linking adaptive and innate immunity in myocarditis has been appreciated. 33 Most studies are performed in animal models of viral or cardiac myosin-induced myocarditis and provide clues to human disease. Studies in human translational research will further sort out our knowledge regarding the treatments and diagnostic recognition of the progressive stages in myocarditis and cardiomyopathies.
Experimental autoimmune myocarditis is known primarily as a CD4 ϩ T cell-mediated disease. 34 Although Th1 or Th2 cell mediated immunity have often been blamed for disease, 9, 12, 13, [35] [36] [37] myocarditis has been reported to develop independently of TH1 and TH2 mechanisms involving TH17 cells and local production of interleukin (IL)-17 with infiltration of neutrophils in acute inflammation. 38 IL-17 is important in mobilization and recruitment of neutrophils and development of inflammation. 39, 40 Since the identification of the T helper subset of Th17 cells, [41] [42] [43] the factors controlling their differentiation and function have been defined. In mice, differentiation of TH17 cells requires a combination of IL-6 and TGF-␤ and Th17 transcription factor ROR␥t. 44 Kania et al demonstrate that during inflammation, prominin 1 ϩ cells are recruited to the heart and can be transformed into fibroblasts secreting collagen after exposure to TGF-␤. 14 The authors show that prominin 1 ϩ cells cultured with TGF-␤ in vitro revealed phosphorylation of SMAD2 protein, indicating the upregulation of the TGF-␤ signaling pathway. 14 TGF-␤ family members (␤1, -2, and -3 isoforms) are highly pleiotropic cytokines with functions in cell differentiation, extracellular matrix formation, inflammation, and apoptosis. Dysregulation of TGF-␤ can lead to a number of pathological states, including fibrosis and autoimmunity. 45 TGF-␤ has far-reaching affects on the immune inflammatory response and protective effects on the vascular system. The role of TGF-␤ in controlling immune responses is of great importance in the heart, as shown by Kania et al, who demonstrated that the development of fibrosis in the heart was linked to TGF-␤ and its affects on the prominin 1 ϩ cell, which developed into a fibroblast in the presence of TGF-␤. 14 Upregulation of TGF-␤ may be involved in several inflammatory disorders where restoration of normal control of TGF-␤ signaling by inhibition without impairing its benefi-cial protective effects may be a potential therapy. Kania et al show that treatment with anti-TGF-␤ alleviates the fibrosis in the heart by preventing prominin 1 ϩ cells from becoming collagen secreting fibroblasts. 14 Clearly, animal models, such as the novel EGFP ϩ myocarditis animal model, provide many clues to the pathogenesis of diseases such as autoimmune myocarditis, which can be used to guide studies in human translational research.
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